growth on fructose progressed, the accumulation being more marked with lower aeration.
The soluble fraction derived from Hydrogenomonas facilis, after heterotrophic growth on fructose with slow shaking, yields a quasicrystalline phospholipoprotein upon lowering the ionic strength (7). The extremely hydrophobic protein moiety of this product appears to be homogeneous and has a molecular weight of 15,000 daltons (7, 10) . It is readily detectable by immunological techniques in the cell envelope and is present in the cell wall (10) .
In recent work, it has been found that greatly elongated cells of H. facilis obtained after growth with extremely slow shaking did not yield phospholipoprotein after dialysis of extracts. Consequently, we now describe a subsequent, systematic study of the recovery of phospholipoprotein and morphological variation of H. facilis.
MATERIALS AND METHODS
The origin, maintenance, culture, and turbidity measurements of H. facilis were as described by Kuehn and McFadden (6) . Cultures grown in 300 ml of fructose medium were transferred to 6-liter Erlenmeyer flasks containing sufficient fructose medium to yield the final volumes specified. Aeration rates were measured by the sulfite oxidation method (2 (16) with 25 ml of commercial liquid bleach (6% NaOCI content). The insoluble granules were filtered and treated with 10 ml of hot chloroform, and the small amount of insoluble material was removed by filtration. After evaporation down to about 1 ml, the PHB was precipitated from hot chloroform with 2.5 ml of ether, redissolved in I ml of hot chloroform, and precipitated with 2.5 ml of cold water. Finally, the precipitate was dissolved in 1 ml of hot chloroform and precipitated with 2.5 ml of ether before drying at 110 C. Crotonic acid production arising after addition of concentrated H2SO4 was determined spectrophotometrically (8) . Alternatively, the polymer was determined gravimetrically (16) . that some elongation was occurring. Electron micrographs representing sectioned cells after growth for 12 (early log phase) and 74 (early stationary phase) hr are shown in Fig. 3a Fig. 3a , but the sample was taken from the culture in the early stationary phase ofgrowth. Fig. 3a and b) was the predominance of large electron-lucid bodies in the latter. Sections of cells from the mid-log phase were intermediate in this regard and at higher magnification revealed no. difference in envelope structure. The appearance of these bodies could be correlated with an increased poly-,8-hydroxybutyrate (PHB) accumulation to a maximum value of 42.6 mg/100 ml of the late log-phase culture (36% of the dry weight) in the culture shaken at 140 rev/min (Fig. 2) . PHB accumulation during growth at a higher shake rate of 200 rev/min was reduced to a maximal value of 28.3 mg of polymer per 100 ml of culture (20% of the dry weight). The phospholipoprotein could be obtained in good yield from cultures grown at 140 rev/min on fructose through seven serial transfers. Cultures grown on 33 mM D-galactose, disodium succinate, or L-glutamate gave 45, 25, and 30% yields, respectively, compared with that after growth on fructose. Despite the variation in yield of the phospholipoprotein from H. facilis grown under different conditions, the protein moiety was found, by amino acid analysis, to resemble that demonstrated by Kuehn et (7) for both extraction and dialysis.
The present study is of significance because recovery of the phospholipoprotein in optimal yields should open the way to elucidation of the primary structure of the protein moiety. Antiserum to the phospholipoprotein, which contains no carbohydrate (7) , agglutinates intact cells of H. facilis, and it has been established that the immune response is to the protein. The protein is detectable in the cell envelope (14) . Possibly analogous proteins have been recently found in several gram-negative bacteria (11, 12) . In the present investigation, the highest yield of the phospholipoprotein from H. facilis was obtained at one intermediate shake rate from fructose-grown cells in the mid-log phase of growth. Ultrastructural studies of cells from early log, mid-log, and early stationary phase revealed no obvious differences in envelope structure. Greatly elongated cells obtained from the early stationary phase after growth with slow shaking had a high PHB content and yielded little phospholipoprotein. However, a detailed study of PHB content and phospholipoprotein recovery revealed no simple inverse correlation between these two substances.
It is well known that the phospholipid composition of normally growing bacteria varies with the growth cycle (3, 4, 9) . Similar changes have also been demonstrated during elongations of Escherichia coli (14) . Moreover, limitation of oxygen has been found to give rise to an increase in the cytochrome content of H. facilis (6) and Haemophilus parainfluenzae (13) , with associated modifications in phospholipid metabolism in the latter organism (15) . Since phospholipid accounts for 50 to 70% of the quasi-crystalline product from H. facilis, the variation in yield may be merely a reflection of the phospholipid composition of the cells.
